The first part of this paper deals with the meteorological
PART I IEYASU TOKUGAWA set up at Edo (now Tokyo) a new military government in 1603. The TOKUGAWA period (1603-1868) is the most feudal times in Japanese history in its completed system. During this period, the exclusion policy from the Christian countries was complete.
In the years following 1868, however, all manners of reform were introduced.
The tropical origin of rice is easily demonstrated by its tolerance of heat and marked intolerance of cold. For the best growth of the plant, sustained high temperatures are favorable, both night and day, with a summer (July to August) mean of not less than 20°C. In Japan, a cold summer with excessive prolonged rains is the commonest cause of a failure in harvest.
The three periods 1782-1787, 1833-1839 and 1866-1869 are famous from a meteorological point of view. More has probably been written and said about these three periods than any other.
There came very great famines over North Japan, so that some hundred thousand men perished through these famines. The very fertility of the land encouraged the growth of population up to the limit of supporting power, and agricultural practice was all too frequently based on the most optimistic expectation of warmness of the summer. For this reason the disaster of bad crop is all the greater in North Japan where the annual temperature is lowest and the margin of sufficiency least.
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A great many early writers have dealt with the famines mentioned above. During these periods, remarkable depressions of temperature in the summer months occurred. Of these, 1782-1787 were particularly cold. All over this country rice crop failed ; in some parts it was utterly destroyed. These periods were very heavy and sorrowful years in Japan through rice and corn were at a stand, and so great unseasonableness in weather as no one can easily think.
The cold summer of 1783, which none of the Japanese people will ever forget, was very calamitous and the rices were greatly injured and those over the North Japan almost all perished. The north-east wind blowing throughout the summer, the long cold spell with rain, the attacks of the bitter hoar frost, all of which caused a disasterous failure in the crops of rice.
Practically all the statements in books on weather, in biographies, in histories, and in the chronological literatures on the famine 1782-1787 have been collected by NISHIMURA and YOSHIKAWA, [1] and they form a huge volume amounting to two hundred pages. They would not, however, be particularly valuable unless subjected to a very close scrutiny, because there are many inaccurate and exaggerated statements.
For a climatological chronology to have its maximum value the data given for the events should be, as far as they can be ascertained, reliable and quantitative.
This desirable end is attained by careful citation of authorized numerical data.
The eruption of Mt. Asama, Japan, in 1783, was a really great eruption and ranks with the largest during the last two centuries.
Some 35, 000 people lost their lives. There was complete darkness in Edo (now Tokyo) situated at a distance of 150 kilometers from Mt. Asama.
According to KOPPEN, [2] (see his great work, Ober mehrjahrige Perioden der Witterung, insbesondere iéber 11 jahrige Periode der Temperatztr), the world as a whole was about 1°C below normal during 1784-86. This means, of course, that the average departure from normal of the stations considered was 1°C. The vast oceans were without stations and there were also great land areas without stations as well ; neverthless, the stations considered were as typical of the whole earth as possible. According to ABBOT [3] and HUMPHREYS, [4] these cold years were caused largely, if not entirely, by violent volcanic eruptions which sent up dust into the upper atmosphere.
This volcanic dust in the upper atmosphere is much more efficient in shielding the earth from solar radiation than in retaining the radiation from the earth and thus tends to keep the earth cool.
Of course, it will naturally occur to one to ask about special cases, such as the cold years of 1783-4786. The period 1783-1786 followed, as already explained, the great explosion of Mt. Asama, Japan. During these years, it was cold the world over, and the great famine, as already explained, killed many hundred thousand people in North Japan.
The reason why 1782-1787 was so abnormal becomes still more apparent when the population values of Japan in the TOKUGAWA period are tabulated. These are shown in Table 2 . It must be remembered that the whole number of special classes and children under certain age were omitted from the census. So, if we are to know the precise population of Japan in the TOKUGAWA period, it is clearly necessary to add from two to three millions and a half to these figures, but it is unimportant for the purpose of this paper.
It should be mentioned that, from 1721 to the end of the TOKUGAWA period, The unit of account were 172071111e weight of silver per koku (1 171072111e weight of silver per koku is equall to 0.027 oz weight of silver per bushel) . It should be mentioned that Kyoto is situated in Western Japan.
It is clearly seen from Fig. 2 that inflation was accompanied by a fall in the value of silver per unit. While severe famine and scarcity pre-
vailed throughout North Japan, where a quarter of rice, wihch could scarcely be procured at all, and was not sold there.
The causes of famines are partly natural and partly artificial. Like older famines in India, these famines were the result of feudalism (no exchange) in it completed form.
Owing to its northern and cool situation, the Tohoku district iF. more liable than any other district in Japan to crop failures, which upon occasior pass into famine.
In this is revealed one of the weaknesses of feudalism and seclusion policy in its completed form.
During the last two centuries, there was another group of particularly cold years the world over. These were 1835-1839 (see Table 1 ) . The great eruptior of Coseguina, Nicaraga, had occured on January 20, 1835. In 1833 and 1836, the north-east wind (called " Yamase " winds) was continu ally blowing in summer for three months in Japan, which blasted the rice and the fruit.
The rice is easily spoiled by the coldness of the summer. Fortunately crop yield chronology was commenced by the SEKIYA family oi Ryogo-Mura, Tochigi prefecture, in 1810 (Fig. 3) . The amount of yield of rice wa noted every year from the year 1810 to date, except for two years (1849 and 1897) . They were made with great care and are apparently uniform. These records wil] thus serve to show how abnormal the years 1833 and 1836 were as compared with the 140 years from 1810 to date.
Ryogo-Mura is also well located for a critical study of the years 1833 and 1836, as it is located quite near the Tohoku district (see Fig. 8 ) . Table 4 contains the annual amount of fice-crop yield for the 132 years, 1810 to 1941, inclusive. Fig. 3 is also given for illustration. It will be clearly seen that the two bad years were 1833 and 1836, which were phenomenal in being far below normal. The years 1866 and 1869 were also bad. Most of the biographies and histories (particularly local histories of the Table 4 . Variations of the yield of rice in koklt per tan (1 kolcu per tan=20.24 bushels per acre). Reproduced from SEKIYA family at Ryogo-Mura, Tochigi Prefecture. Tohoku district) covering these periods also have many things to say about these years.
Inflation was also accompanied by a fall in the value of silver per unit as shown in Fig. 2 , as there was an abhor ral increase in the quantity of purchasing power for food. In these years, which were the first of the unfruitful ones, a dreadful mortality and famine raged everywhere in North Japan ; and these pestilences were doubtless brought on by the unseasonableness of the weather. The weather in 1866 and in 1869 were also unusually bad, on account of the north-east wind and the rain.
A north-east wind blew night and day, without intermission for three months, so that the rice was spoiled by the coldness. The tendeney was great for the value of silver to diminish on account of the abolition of the seclusion policy and the internal troubles that followed, as shewn in Fig. 2 . The situation was dark and desperate.
In the year 1868, the long TOKUGAWA period ended and all manners of reform were introduced.
Again scarcity prevailed over the whole of North Japan.
The causes of this famine were partly natural and partly artificial.
Thus, as summary, it may de stated that the three periods 1782-1787, 1833,,, 1839 and 1866-1869 were phenomenal years. The cause of bad harvests was always a cold summer with excessive rains. The rice was spoiled by the coldness of the summer.
In these periods, we are told that the wet spell was unbroken, and much of the rice never ripened.
Contemporary writers tell us the poorer classes in some districts of Japan were driven to . use nuts and roots for food, and had recourse to the flesh of dogs and cats, even human bobies themselves.
PART II
In Japan, the rice crop is spoiled when the temperature in summer is below normal, Owing to its situation and its almost entire dependence upon the warm-ness in summer, North Japan is more liable than any other country to failures ol rice-crops. Fig. 4 shows the annual yield of rice in sho per tan (1 sho per tan= 0.2024 bushels per acre) versus the mean air temperature in summer in chrono. logical order.
The mean air temperature in summer for the Tohoku district cited here is the mean value of the six representative weather stations (Fukushima Ishinomaki, Miyako, Aomori, Akita, Yamagata) during the two months (July anc] August) .
The marked bad harvests of the rice crops in the Tohoku distrist since 1883 to date were in 1884, 1902, 1905, 1913, 1931, 1934, 1941, 1945, 1953 (see Table 5 ) . All these bad harvests were caused by a cold summer with excessive rain. In 1944, I [7] Japan upon an apparent relation between the yield of rice for the Tohoku District, in the 39 years 1902 to 1940, and the mean air-temperature for the two summer months (July and August) over the Tohoku district. The correlation coefficient between the annual yield of rice and the mean air-temperature in July and August are equal to +0.85 and +0.79 for the years 1902--1040, respectively.
The required regression equations were put into algebraical forms : y=21.8 x1, y=19.9 x2, where y is the departure from normal of the annual yield of rice in the Tohoku district (in sho per tan) and x1 and x2 are the departures from normal of the mean air-temperatures (in °C) for July and August, respectively. Here we can raise general question. If any particular year is abnormal, what are the possible reasons for the abnormality ? When this question has been satisfactorily answered, it will mean a long step forward toward predicting the characteristics of year a consideable time in advance. This is a very practical problem and pressure for its solution is great. The following is a discussion of the principal factors and the possible changes that determine what the climate of any given district shall be.
A first possible cause is one that has already been considered, namely, dust thrown into the upper atmosphere by violent volcanic eruptions.
For example, during the last half-century, the greatest volcanic eruption was that of Katmai, Alaska, June 8, 1912 , which caused the temperature of the earth as a whole to be 0.44°C below normal (see Table 1 ) on an average.
There have, indeed, been many eruptions. The chief volcanic eruptions ranking as the two or three largest during the last century were the eruption of Krakatoa, in 1883, of Santa Maria in 1902, and of Katmai, in 1912. After these violent eruptions, a faint reddish-brown corona was often seen, under favorable circumstances, around the sun. This is known as BISHOP's ring, after the REVEREND SERENO BISHOP, of Honolulu, who first described the phenomenon. It is quite dangerous to generalize from a few observations, but two conclusions seem fairly well established.
In the first place, during the two or three years which follow a great volcanic eruption causing a BISHOP's ring, the temperature of the earth as a whole seems to have fallen about 1/2°C on an average (see Table 1 ) . Secondly it must be emphasized that bad harvests are inevitable in North Japan in these years (see Fig. 4 ) .
Direct measurement of solar radiation by means of the pyrheliometer, an instrument that measures the total heat of sunshine, shows marked fluctuations from year to year in the intensity of this radiation as received at the surface of the earth. This subject has been carefully studied by Dr. H. H. KIMBALL [8] , who prepared the accompanying Fig. 5 .
The monthly means or the monthly maxima of radiation for the different stations over the world have been expressed as a percentage of their respective normals. Then for each month an average of these percentages has been computed, and smoothed by the formula (a+2b+c)14, where b is the average percentage for the month in question and a and c are the average percentages for the preceding and the following month, respectively.
Thus the smoothed precentages have been plotted and a free-hand curve were drawn as shown in Fig. 5 Fig. 5 indicates, the temperature ot the atmosphere at the Fig. 5 . Monthly averages of solar radiation intensity measured at the surface of the earth, expressed as percentages of the monthly normals (after KIMBALL [8] ).
surface of the earth in those years should be somewhat below the normal, which has been proved by HUMPHREYS [4] .
The curve from 1883 to 1954 in Fig. 4 gives the annual amount of yield of rice as computed from the actual data given by the Japanese Agricultural Ministry.
It is obvious, at a mere glance, that the three great depressions in the pypheliometric readings in 18841886
, 1902-1903 and 1912-1913 exactly coincide with the historic cool summer and hence marked bad harvests in North Japan in 1884, 1902 and 1913; On the other hand , from 1913 to 1930, or for nearly twenty years, there have been no marked volcanic eruptions of an explosive character, such as throw great quantities of dust into the atmosphere. Therefore, the upper atmospheric layers, or the stratosphere, must have been unusually clear, and, in consequence, the incoming solar radiation met less obstruction than usual. And we have sucessive good harvest of rice from 1914 to 1930. But while the existence of a relation between these two curves thus appears certain, the agreement is so far from perfect as to lead one to conclude that pyrheliometric values constitute only one factor in the making of bad harvests in North Japan [7] . A second cause is the changes in the activity or condition of our sun. The sun spots and the solar constant are the two indices of solar activity which are being critically and constantly observed at present . It is natural to ascribe nearly all abnormalities in our weather to changes in the sun. The sun spots are distinctly periodic which a period of 11.125 years, as regards number, size and place of occurrence. This is only an average period however, as the time interval from maximum to next maximum varies from 8 to 17 years.
The sunspots are numerically expressed by means of the WOLF:WOLFER sun-spot numbers which depend upon and are computed from both the number of spots and the number of groups.
These numbers are practically zero for a sunspot minimum and rise to almost 220 for a very prominent maximum. The sunspot numbers are known from about 1749 up to date.
How does a change in solar activity affect our weather ? That has been discussed by many research workers, chief among them being KOPPEN, CLAYTON, HUMPHREYS and ASBOT. Many investigations show the relation of our weather to sun spots, but it is hard to see just what connection sun spots as such have with our weather.
The following brief discussion is intended only to call attension to a few striking facts concerning the cyclic variation of sunspots and the historical famines in Japan during the past two centuries.
I have adopted VISSER'S method [9] for fixing sunspot extremes. I have arranged the 19 peaks available to date in eight columns, as shown in Table 6 . The 19 peaks have been subdivided into three groups, limited by sunspot numbers deviating 19.1 (probable error) from the general average of 88.1 : 5 weak periods, R<69, 9 normal periods, 69.R _107, 5 strong periods, R>107.
We see that the weak periods (printed in italics) accumulate in the righthand part of the table, and the strong periods (printed in bold face) in the central part.
EAsToN's well-known period of 89 years is evidently present. Thus, VISSER concluded that the comming sunspot maximum will be a strong one.
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. ArakawaVol. VI No. 2 Table 6 shows marked strong periods of sunspot maximum as follows : (1) 1778, (2) 1788, (3) 1837, (4) 1871, (5) 1948, (6) the coming sunspot maximum. Now, the three great famines in Japan since 1750 to date were 1782,-1787, 1833-1839, 1866-1869, which have been described in the first half of this paper.
Thus the historical famines in Japan correspond strictly to the four strong periods of sunspot maximum.
To make the situation clearer, the smoothed sunspot numbers have been plotted in Fig. 6 , and also a freehand curve has been drawn.
The curve shows that marked strong periods in the sunspot numbers correspond strictly to the historical famines in Japan without exception [10, 11] .
It should be mentioned here that the second half of summer is the most important season (i. e., the critical period) for rice-crop in Japan.
A bad harvest in Japan is characterized by a cool wet summer, for a lack of rain with hot weather is desirable for the growing of the rice plant.
The following forecasts are based solely on extrapolation of the data contained in When the surface of this part of the ocean is abnormally cooled in summer, the pressure over the colder surface becomes and tends to remain relatively high ; the pressure distribution is thereby changed, which in turn must affect to some extent of pressure over the more distant regions. The effects described above extend over a large area.
The north-east winds (i. e. Yamase winds) will then be continually blowing in summer, which spoil the rices. For example, in 1934, 1935 and 1941 the water temperature anonzales over the sea to the east of North Japan were negative, and the air temperature anomalies in North Japan ran, on the whole, parallel to those of water, as shown in Fig. 7 . In those years, rice yield per acre was reduced disasterously (see Fig. 4 and 7) . For another example, anomalies both in water and air-temperatures in 1937, 1738, 1939 and 1942, were positive and the large yields of rice in these years were the result of warm summers and the favorable conditions until the harvest time (see Fig. 4 and 7) .
In concluding this essay, it may be said that it is unsatisfactory in so far as it does not solve the immense problem of the cause of each and every abnormality. That solution seems a little beyond the scope of our research at present, although it is a pressing problem.
It is hoped that many meteorologists and climatologists will lend their best efforts to its solution.
Meanwhile we can conclude that (1) the variation in the measured intensity of solar radiation received at the surface of the earth, 
